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Hughes Aircraft Company ("Hughes") hereby submits comments in

response to the Notice of Proposed Rulemaking in the above-captioned proceeding, 8

FCC Rcd. 2502 (April 9, 1993) (the "NPRM"),Y released in response to North American

Teletrac and Location Technologies, Inc.'s (collectively, "Teletrac") petition for

rulemaking filed on May 28, 1992 (the "Teletrac Petition"). Hughes has developed, and

is now deploying, a Location and Monitoring Service ("LMS")l1 system called Vehicle to

Roadside Communications ("VRC"). VRC falls within the NPRM definition for "narrow-

band" LMS systems.

Hughes agrees that it is necessary to revise the interim rules that have

governed LMS since 1974. See 47 C.F.R. § 90.239 (1992). As noted in the NPRM, LMS

technologies are proliferating rapidly, offering abundant opportunities for future
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The NPRM was later modified by an Erratum released May 5, 1993.

In the NPRM, at page 2503, the Commission proposed to change the name Automatic Vehicle
Monitoring service to the Location and Monitoring Service. Hughes supports this proposal, and
uses the term "LMS" throughout these comments. V

No. of capes rec'd Q \,,..
UstA8CDE



development of innovative commercial products to benefit the public. See NPRM at

2502. A number of LMS systems are already in operation, and many more will be

deployed in the near future. The pace of LMS development and the resultant public

benefit could suffer, however, due to uncertainty about spectrum allocation and

frequency coordination, if new rules for LMS are not adopted expeditiously.

Hughes supports the major proposals in the NPRM, including

establishment of a functionally-based channelization plan for LMS, expanded eligibility

criteria, and adoption of informal frequency coordination methods. These comments

contain recommendations intended to minimize co-channel interference between systems

while preserving opportunities to enter the growing LMS marketplace.

First, because some LMS systems that are classified as "narrow-band" in the

NPRM are in fact "wide-band" in terms of spectrum usage, and because the vast majority

of "narrow-band" uses will operate over ranges of less than 100 meters, Hughes

recommends adoption of "local-area" and "wide-area" designations in place of the

NPRM's "narrow-band" and ''wide-band,'' respectively.

Hughes also recommends that the Commission adopt limitations on

radiated power and antenna height for local-area LMS transmitters, in order to reduce

the potential for harmful interference and to facilitate any necessary coordination

between neighboring LMS licensees. And, because Hughes' proposed height and power

limits would serve to avoid interference among local-area LMS systems, Hughes further

recommends that pulse-ranging location systems using less than two megahertz of

spectrum, should they be developed in the future, be licensed either in the wide-band, or
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wide-area, channels or in one of the 902-904 or 926-928 bands proposed for local-area

use. Finally, Hughes provides comments on the technical requirements and on certain

other proposals contained in the NPRM.

I. THE HUGHES VRe SYSTEM

A basic VRC system employs a base station, or "reader," and tags mounted

on the vehicles or other objects to be monitored.¥ A reader generally consists of a

transmitter, receiver and antenna installed at the side of the highway segment to be

monitored. Each tag contains a low power transponder that receives interrogation or

information signals transmitted by the reader, and responds by emitting an identification

signal that is picked up by the reader. Hughes' VRC is a local-area system that can

operate effectively in the 912-918 MHz band.

For spectral efficiency, VRC technology uses sophisticated time-sharing

techniques that enable a single reader to differentiate between and accurately process a

large number of responsive signals in a short period of time. Thus, a VRC reader can

interrogate, identify, and exchange two-way information with every vehicle in a multi-lane

environment using only a single reader, operating on a single frequency, even at high

speeds. This will reduce construction and maintenance costs in high-traffic density areas

such as toll-plazas and major highway intersections. Multiple VRC readers can be

connected to networks for data processing and monitoring at central control points, and

3. Testing and demonstrations of the VRe system have been conducted by Hughes under
experimental license KA2XBX, File No. 2492-EX-PL-92.
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tags can be connected to in-vehicle information display equipment. In addition, VRC

provides a signal authentication capability to prevent system abuse.

Hughes' VRe projects represent a flexible and innovative approach to

meeting the transportation capacity, safety and efficiency goals established in the

Intelligent Vehicle-Highway Systems Act of 1991 ("IVHSA"). See 23 U.S.C. § 307 note

(Supp. III 1991). By establishing an effective and reliable communications link between

moving vehicles and the surrounding infrastructure, Hughes' VRC will be used to

promote such IVHSA priorities as automated toll collection, vehicle location and

tracking, traffic monitoring and rerouting, and emergency and services availability

message dissemination. Hughes' VRC also offers the potential for commercial

applications such as automated parking fee assessment and shipping vessel tracking, and

is therefore an example of effective transfer of sophisticated communications technology

from the aerospace and defense industries to the private sector.

Hughes has recently been awarded a contract to install a network of VRC

facilities along Interstate 75, from Florida through Michigan, and along Canada Highway

401 in Ontario. This network will consist of VRC readers, deployed in the vicinity of

truck weighing stations, and tags mounted in commercial trucks. As trucks pass through

the monitored segment of highway, readers will interrogate tags and transmit

individualized messages informing drivers whether they are required to get their trucks

weighed at the next weighing station. Drivers informed that they need not stop for

weighing will thus avoid unnecessary delay caused by highway exit and reentry and

waiting in line at truck scales. By expediting commercial truck movement along this
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major traffic corridor, the Hughes VRC network will benefit trucking firms, U.S. and

Canadian authorities, and the citizens of both countries.

Hughes is also planning for VRC system installations that will improve

highway utilization by collecting tolls in an open-road environment, without the need for

toll plazas. Additionally, Hughes soon will implement a bus annunciator system using

VRC to facilitate public transit agency compliance with the Americans with Disabilities

Act, by facilitating use of public transportation by persons that are sight-impaired.

ll. DISCUSSION

The new rules for LMS must promote competition and encourage

development in the industry by ensuring sufficient spectrum is available for diverse, and,

for the most part, yet undefined technologies. This goal can only be attained by

balancing broad eligibility criteria with a structured and workable means to avoid harmful

interference among LMS systems.

A Background

In the NPRM, "wide-band" systems are defined as those using transmissions

greater than two megahertz to perform "pulse-ranging multilateration," a technique to

precisely locate vehicles equipped with tags within a defined geographic area.!! In pulse-

ranging, a pulse is transmitted from the tag and is received by multiple fixed receivers.

4. Because the Hughes VRC system falls into the "narrow-band" classification of the Commission's
proposed rules, and because VRC can operate effectively within the bands set aside for "narrow­
band" systems, Hughes does not comment herein on matters related solely to the "wide-band" LMS
category. However, Hughes has significant experience developing pulse-ranging multilateration
systems for government users, and may address issues regarding such systems in reply to comments
of other interested parties.
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The time of receipt by the receivers is compared, permitting calculation of location of the

vehicle in question. NPRM at 2504. "Narrow-band" systems are defined as all LMS

systems that do not meet the above definition of wide-band. Thus, as defined in the

NPRM, narrow-band LMS systems comprise both VRC-type technologies, in which tags

are interrogated and read when in the vicinity of a reader, and pulse-ranging systems that

use less than two megahertz of bandwidth. Id. at 2504-05.

The NPRM contains a proposal to allocate the 904-912 and 918-926 MHz

bands for wide-band systems, and to license narrow-band systems at 902-904, 912-918 and

926-928 MHz. Id. The Commission further proposes to limit the maximum effective

radiated power ("ERP") of all LMS systems to 300 watts. Id. at 2508.

B. LMS System Categories and Spectrum Allocation Should Be Based on Size
of Coverage Area Rather Than Bandwidth

The proposed eligibility criteria for the wide- and narrow-bands are

misleading because they do not recognize that some LMS systems not based on pulse-

ranging technology are actually wide-band systems. For example, in high-speed, multiple

traffic lane environments, Amtech Corporation's C'Amtech") LMS technology "requires

access to several megahertz of spectrum." Amtech Opposition to Petition for

Rulemaking at 9-10 (July 23, 1992). Similarly, the Hughes VRC system, while capable of

reading multiple responses to a single interrogation signal, requires that such signal be

greater than two megahertz wide to operate effectively. Thus, some LMS systems to be

licensed as narrow-band are actually wide-band systems in terms of spectrum

requirements.
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Hughes suggests that a more useful and accurate classification of LMS

systems is based on the size of the area within which a particular system interrogates and

reads corresponding tags. "Wide-area" LMS systems would include those designed to

operate over relatively large geographic areas, such as pulse-ranging systems. Typically,

such systems would utilize a widely spaced set of receivers.

Conversely, "local-area" systems would only activate tags passing in

relatively close proximity to base stations, generally at ranges of less than one hundred

meters.2J Consistent with the NPRM, wide-area systems would be licensed within the

904-912 and 918-926 MHz bands, or, as discussed in proposed rule Section 9O.105(b)(3),

in bands below 902 MHz for systems that require twenty-five kilohertz or less. See

NPRM at 2511. Local-area systems, on the other hand, could effectively share the 902-

904, 912-918 and 926-928 MHz bands. As discussed in the next section, the "local"

character of such systems would enable them to operate effectively within antenna height

and radiated power limits that would greatly reduce the potential for interference.

C. The Commission Should Adopt Radiated Power and Antenna Height
Restrictions for Local-area LMS Systems

Many types of local-area LMS systems, including VRC, are designed to

function only when tags pass within a short distance of readers. Applications that involve

monitoring vehicles passing a particular point on a highway, such as automatic toll

collection or traffic management, for example, can operate effectively at a range of no

5. For consistency, Hughes hereinafter uses "wide-area" to denote LMS systems licensed in the 904­
912 and 918-926 MHz bands, and "local-area" to denote LMS systems licensed in the 902-904, 912­
918 and 926-928 MHz bands.
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more than a few hundred meters. Hughes submits that permitting such local-area users

to operate at up to 300 watts, with no limit on transmitting antenna height, may

unnecessarily enlarge coverage areas and increase the potential for interference.

While LMS operators are certainly free to reduce transmitter power,

Hughes believes that the 300 watt ceiling may only complicate the process of informal

coordination by LMS providers attempting to establish new systems in the vicinity of

existing ones, especially in light of the expanded eligibility criteria proposed in the

NPRM. Accordingly, Hughes recommends that the Commission adopt lower limits on

the radiated power and antenna height of the local-area systems, to be licensed at 902-

904, 912-918 and 926-928 MHz.

Hughes suggests that local-area LMS transmitters be limited to a 30 Watt

ERP and that lower power limits apply to antennas in excess of 15 meters (50 feet)

high.&! Hughes recommends that the Commission include a table showing allowable

antenna height/ERP combination in the new rules governing LMS. Based on calculations

using the Hata open area model,Z! Hughes believes the following table would be

appropriate:

6. While subject to abuse, using simple height above ground ("HAG") for measuring antenna
restrictions results in significant simplification over use of height above average terrain ("HAAT").
Because, in most cases, the motivation behind installing a local-area system with a high HAAT but
low HAG would be to obtain extended coverage, the Commission can deal with such applications
on a case-by-case basis. Hughes recommends, therefore, that HAG be adopted as the standard for
local-area LMS antenna height.

7. See Masaharu Hata, Empirical Formula for Propagation Loss in land Mobile Radio Services,
IEEE Transactions in Vehicular Technology, Vol. VT-29, No.3, August 1980.
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Height of Antenna Maximum Allowed ERP

15 meters or less 30 watts

15-25 meters 15 watts

25-40 meters 5 watts

above 40 meters 1 watt

While these limits will not guarantee that any local-area LMS system will not cause

interference to adjacent systems, they make the probability of interference sufficiently low

that licensees will be able to more easily resolve interference problems informally, as

provided in the NPRM. Further, while local-area licensees may be able to extend

coverage to longer ranges than needed to operate and still remain within the above

restrictions, Hughes proposes that such licensees not be entitled to protection from other

LMS operations or other authorized users of the band at ranges greater than 100 meters.

Hughes believes that adoption of the limits proposed above will not

adversely affect existing local-area LMS systems, because those known to Hughes (e.g.

automatic toll collection, vehicle entry/exit monitoring, cargo container or railcar

monitoring, etc.) operate over short ranges using low altitude antennas, and have ERPs

that already conform to the proposed emissions limits.

If the Commission decides not to impose the above limits, or some other

restrictions on the extent of LMS system coverage, Hughes believes that the increased

potential for unnecessary interference mandates a more formal coordination procedure

to ensure sufficient availability of local-area LMS services. In that case, Hughes

recommends that LMS applicants be required to notify existing co-channel licensees in
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the vicinity of proposed systems, and to document in applications that such systems will

not cause interference to existing licensed facilities. Further, because of the possible loss

of available spectrum for local-area uses caused by unnecessarily large coverage areas,

the Commission may be forced to retain the interim rule restriction of use of local-area

spectrum to communication only with "vehicles." See 47 C.F.R. § 9O.239(a).

The Commission proposes to include pulse-ranging systems using less than

two megahertz of bandwidth among systems eligible for licensing at 902-904, 912-918 and

926-928 MHz bands. NPRM at 2505. Hughes is not aware of any existing pulse-ranging

technology capable of operation using such a narrow bandwidth. Moreover, Hughes

believes it very unlikely that a location system relying on pulse-ranging technology can

operate effectively using less than two megahertz of spectrum. This is because location

error in such systems is dependent on the error encountered in measuring time of arrival

of the pulse at various receiver locations. This time of arrival error generally decreases

with increasing bandwidth as well as signal-to-noise ratio. Because of the level of

interference from other sources, the degree of error in a pulse-ranging system operating

at two megahertz would appear to be commercially unacceptable.g!

In the unlikely event that future pulse-ranging systems could operate

successfully with narrow bandwidths, Hughes recommends that they be licensed in the

904-912 and 918-926 bands, rather than the bands to be reserved for local-area LMS

8. The Commission will continue to license LMS applicants requiring no more than 25 kHZ of
bandwidth at frequencies below 512 MHz. See NPRM at 2511 (proposed rules section
9O.105(b)(3). Non-pulse-ranging location systems that rely on the ability of the vehicle to
determine its location internally (e.g., using Global Positioning Satellite or other navigation aids)
need only to transmit that information to a base station, which can be done using less than 25
kHz, and can thus be licensed in bands below 512 kHz.
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systems, as is now proposed. Alternatively, if such systems are incompatible with other

wide-area, wide-band LMS operations to be licensed at 904-912 or 918-926 MHz, Hughes

recommends that narrow-band pulse-ranging be confined to one of the two-megahertz

bands currently proposed for "local-area" use, either 902-904 or 926-928 MHz, with the

selected band available to both local-area systems and narrow-band pulse-ranging

systems. Otherwise, for the reasons set forth below, there may be undue potential for

harmful interference with local-area licensees, and greater difficulty achieving successful

coordination.

Most local-area LMS systems can perform effectively over distances of less

than several hundred yards. Thus, Hughes' proposed ERP and antenna height

limitations, above, are intended to reduce the possibility of interference to other systems

by reducing the available maximum coverage area of each system licensed. Pulse-ranging

systems, on the other hand, are designed to operate over a wide geographic area using

multiple fixed base stations to receive tag signals. It is likely that a large number of

licensees will install LMS readers within the area to be covered by a pulse-ranging

system. This could easily occur, for example, in the vicinity of major toll facilities or

traffic hubs, or in urban areas with large numbers of parking or cargo centers in close

proximity. H the pulse-ranging system operates using less than two megahertz, and, as

the Commission proposes, is licensed in the same band as the other LMS readers, the

probability of harmful interference will increase.

Hughes recognizes that it may be possible to cooperatively reduce

interference problems individually between pulse-ranging and short range LMS systems.

11



However, the likely proliferation of LMS systems in the future will complicate such

efforts dramatically, even to the point of making it impossible to deploy some systems,

thereby reducing services available to the public. Because, presumably, there will be

relatively few pulse-ranging systems licensed in any particular market, those licensees can

conduct coordination among themselves without having to deal with the large number of

local-area systems likely to operate within their coverage areas. Therefore, the

Commission should remove pulse-ranging systems using less than two megahertz from the

eligibility criteria for licensing in the local-area bands, or should restrict such systems to

one of the two-megahertz bands to be allocated for local-area use, in order to minimize

the potential for interference with local-area LMS systems.

D. Technical Requirements

The technical flexibility built into the interim rules was a significant factor

in the evolution of LMS technology since 1974. With the development of permanent

rules for LMS, however, it is appropriate that stricter technical standards be established

to minimize harmful interference. Hughes generally agrees with the proposed technical

requirements of the NPRM. See NPRM at 2507-08. As discussed above, however,

Hughes believes it is necessary to impose limitations on local-area system radiated power

and antenna height.2!

9. Hughes notes that applying the 55 + 10 10g(P) restriction to tags with transmit powers less than 1
watt results in attenuation requirements that are less than 55 dB. This is appropriate. The
10l0g(P) term ensures that regardless of how powerful the transmitter, out-of-band emissions are
kept down to the same level. While the attenuation reqUired will decrease as the power falls
below 1 watt, the absolute level of out-of-band emissions will remain the same. Even if technically
feasible, imposing more restrictive suppression requirements on low power tags will add very little
to spectrum efficiency while possibly reducing the market for certain LMS services because of
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Hughes also believes that the frequency stability requirement imposed on

wide-area systems, Id., may result in significant expense with little real impact on

spectrum efficiency. Spectrum management benefits of the proposed 0.0005% frequency

tolerance for wide-area systems would be minimal. At 915 MHz, a 0.0005% tolerance

allows a deviation in frequency of plus or minus 4.6 kHz. In the context of 25 kHz land

mobile channels this 9 kHz spread is a significant fraction of the whole channel. In the

context of a 8 MHz wide area channel, it is minuscule (0.1%). It would make even less

sense to require such tolerances for local-area systems. While the frequency stability of a

wide-area system affects spectrum usage in an entire metropolitan area, frequency

stability of a single local-area system would have a minor impact, and that only in the

immediate vicinity of the base station.

The cost of the frequency stabilizing circuitry required to meet the 0.0005%

tolerance could easily exceed the total cost of a typical tag by a substantial margin,

especially for low-powered tags. Accordingly, from a cost-benefit standpoint, the

Commission should not impose a frequency stability requirement on local-area systems.

E. Additional Comments

1. Coordination With NTIA

Hughes notes with some concern that the Commission has yet to
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2504-05..!W In the event that such coordination proves unsuccessful, and, as a result,

allocation for all LMS systems is limited to spectrum previously available under the

interim rules for AVM, Hughes recommends that the Commission allocate one of the

eight megahertz blocks proposed for wide-area use to local-area LMS services.

Alternatively, if LMS spectrum is to be shared by both wide- and local-area users,

Hughes recommends adoption of formal coordination procedures such as those described

in Section c., above.

2. Interference from Other Authorized Uses

As discussed in the NPRM at page 2506, interference from Industrial,

Scientific and Medical ("ISM") devices, government systems, amateur radio, and Part 15

operations can significantly affect wide-area systems, particularly where such a source is

much closer to the receiver than is the transmitting tag. In contrast, local-area LMS tags

will generally be closer to the reader than the source of an interfering signal. Local-area

system operators will also have more control over where and in what direction receive

antennas are located, and, as Hughes recommends, will be subject to restrictions on

antenna height and radiated power, resulting in shorter range signals. As a result,

interference should be a relatively rare event for local-area systems.

In view of the relative unlikelihood of interference from other users of the

local-area, Hughes submits that requiring a warning to consumers is unnecessary.

Requiring local-area licensees to conform to labelling requirements of Section 90.105(e)

10. Hughes agrees with the Commission's decision to take into account the results of this proceeding
when it takes action on the petition for rulemaking filed by Radian Corporation, seeking
allocation of 908.75-921.25 MHz for use in wind profile radar systems, and the associated Notice
of Inquiry. NPRM at 2505 n. 33.
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of the proposed rules would likely result in needless expense and confusion among

members of the public. Accordingly, Hughes recommends that Section 90.105(e) be

modified so as to expressly apply only to wide-area systems.

3. Construction Period

Hughes supports retention of the eight month construction deadline from

date of grant of the license. See NPRM at 2507. This will ensure that licensees begin

providing service to the public, and prevent "warehousing" of channels at desirable

locations. Because Hughes anticipates that the majority of large-scale local-area LMS

systems, such as toll plazas and traffic monitoring networks, will be licensed to local

government entities, the local government exception of Section 9O.155(b) of the

Commission's rules is sufficient to simplify the application and licensing process for such

projects. For systems in the private sector, on the other hand, Hughes believes that

imposing a realistic construction schedule will facilitate the informal coordination

methods, proposed by the Commission, by restricting LMS systems that must be

coordinated to those that are actually in operation or that are within eight months of

completion.!!!

4. Blanket Licensing of Tags

Hughes proposes that the new rules include language to indicate that

corresponding tags are covered under the license issued for a particular LMS system.

Blanket licensing of tags with corresponding readers will reduce unnecessary

11. Hughes notes that it is possible that waivers of the construction period may be appropriate for
private toll roads, or for other private, large-scale projects involving multiple local-area LMS
installations that are subject to schedule changes as part of a larger construction project.
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administrative burden for both the Commission and LMS applicants. Cf. Specialized

Mobile Radio Systems, 7 FCC Red. 5558, 5559 (Comm'n 1992) (blanket licensing of

SMR end users with base stations "save[s] significant end user time, money and

resources, while also reducing substantially the Commission's administrative costs and

efforts"); Interactive Video and Data Services, 7 FCC Red. 1630, 1639 (Comm'n 1992)

(blanket licensing of IVDS response and interrogator units). Blanket licensing should

generally apply equally to wide- and local-area LMS systems.

In the case of tags that contain active transponders or transmitters, blanket

licensing should be adopted only where tags are designed not to transmit except when

under the control of an appropriate base station. That is, when the tag in question is

receiving or has recently received a signal from a reader authorizing tag transmissions.

For tags that can be activated irrespective of location or illumination by the

appropriate reader, either manually or spontaneously, individual licensing of tags should

be considered in order to reduce the risk of emissions outside the area covered by the

system license. To ensure that active tags do not emit signals causing interference

outside of authorized frequency bands, Hughes recommends that tag emissions be subject

to the same attenuation requirements applied to base stations in the proposed rules. See

NPRM at 2508.

m. CONCLUSION

Adopting permanent rules for LMS will promote continued growth in this

important new telecommunications industry. By adopting Hughes proposals for separate
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allocation for wide- and local-area LMS services, placing height and power limits on

local-area systems and licensing pulse-ranging systems that use less than two megahertz

bandwidth separately from local-area systems, the Commission can establish a regulatory

regime that ensures flexibility needed to promote innovation, while protecting beneficial

LMS services from harmful interference in the future.
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